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Simple Summary: This retrospective multicenter study examines the influence of hepatic and extra-
hepatic metastases on the response of immune checkpoint blockade (ICB) in patients with metastatic
uveal melanoma. A better response to dual ICB was observed in the presence of extrahepatic metas-
tases in two recently published phase II trials. Therefore, we investigated two cohorts with and
without extrahepatic metastasis and have assembled a population of 178 patients treated with ICB.
The survival of this large cohort of patients with advanced UM was more favorable than that reported
in previous benchmark studies. Patients with both hepatic and extrahepatic metastasis showed more
favorable survival and higher response to dual ICB than those with hepatic metastasis only.
Abstract: Background: Since there is no standardized and effective treatment for advanced uveal
melanoma (UM), the prognosis is dismal once metastases develop. Due to the availability of immune
checkpoint blockade (ICB) in the real-world setting, the prognosis of metastatic UM has improved.
However, it is unclear how the presence of hepatic and extrahepatic metastasis impacts the response
and survival after ICB. Methods: A total of 178 patients with metastatic UM treated with ICB were
included in this analysis. Patients were recruited from German skin cancer centers and the German
national skin cancer registry (ADOReg). To investigate the impact of hepatic metastasis, two cohorts
were compared: patients with liver metastasis only (cohort A, n = 55) versus those with both liver
and extra-hepatic metastasis (cohort B, n = 123). Data were analyzed in both cohorts for response to
treatment, progression-free survival (PFS), and overall survival (OS). The survival and progression
probabilities were calculated with the Kaplan–Meier method. Log-rank tests, χ2 tests, and t-tests
were performed to detect significant differences between both cohorts. Results: The median OS of
the overall population was 16 months (95% CI 13.4–23.7) and the median PFS, 2.8 months (95% CI
2.5–3.0). The median OS was longer in cohort B than in cohort A (18.2 vs. 6.1 months; p = 0.071).
The best objective response rate to dual ICB was 13.8% and to anti-PD-1 monotherapy 8.9% in
the entire population. Patients with liver metastases only had a lower response to dual ICB, yet
without significance (cohort A 8.7% vs. cohort B 16.7%; p = 0.45). Adverse events (AE) occurred in
41.6%. Severe AE were observed in 26.3% and evenly distributed between both cohorts. Conclusion:
The survival of this large cohort of patients with advanced UM was more favorable than reported in
previous benchmark studies. Patients with both hepatic and extrahepatic metastasis showed more
favorable survival and higher response to dual ICB than those with hepatic metastasis only.
Keywords: uveal melanoma; immune checkpoint blockade; PD-1; CTLA-4; liver metastasis; treat-
ment resistance
1. Introduction
At least 40–50% of patients with uveal melanoma (UM), depending on the genetic
background of the primary tumor, develop metastases, which spread predominantly to
the liver [1]. Since there is no standardized and effective treatment for advanced UM, the
prognosis remains poor once metastasis develops [2]. A meta-analysis of studies published
between 1980 and 2017 including 2494 patients calculated a median OS across all treatment
modalities of 1.07 years [3]. However, the population of this meta-analysis was treated
mainly in the time before immune checkpoint blockade (ICB) was available and some
patients show a more favorable disease course with longer OS. In analogy to the use in
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cutaneous melanoma (CM), ICB includes the antibodies anti-CTLA-4 (ipilimumab), anti-
PD-1 (nivolumab, pembrolizumab), and the combination of anti-PD-1 with anti-CTLA-4
(dual ICB). Two recent phase II trials investigated the value of dual ICB in metastatic UM.
Piulats et al. reported that the OS in patients with exclusive liver metastases was shorter
than that in patients with metastases in locations other than the liver and those with both
liver and other metastases [4]. Pelster et al. achieved a response in 6 patients of whom
5 had both liver and extrahepatic metastasis [5]. These results imply that the presence
of liver metastasis only may represent an unfavorable prognostic factor for response to
ICB. To further dissect the role of hepatic metastasis on the response of ICB we aimed to
compare two cohorts of patients with and without extrahepatic metastasis from UM in a
real-world setting.
2. Materials and Methods
2.1. Patient Population and Study Design
We performed a retrospective multi-center explorative analysis. Patients with metastatic
UM receiving any ICB (ipilimumab, nivolumab, pembrolizumab, dual ICB) were eligible.
A total of 178 patients were included and divided into two cohorts. Cohort A comprised
patients with liver metastases only (n = 55, cohort A) while cohort B included those
with several metastatic sites (i.e., hepatic and extra-hepatic, n = 123, cohort B). Patients
without liver metastases were excluded. Clinical data and the treatment outcomes of
interest were extracted from the original patient records from 15 German skin cancer
centers (Erlangen n = 55, Tübingen n = 19, München n = 18, Mainz n = 7, Mannheim n = 5,
Frankfurt n = 4, Kiel n = 4, Dresden n = 3, Köln n = 3, Göttingen n = 2, Heidelberg n = 2,
Homburg n = 2, Ludwigshafen n = 2, Lübeck n = 2, Würzburg n = 2), as well as from
the prospective multicentric skin cancer registry ADOReg of the German Dermatologic
Cooperative Oncology Group (DeCOG) (n = 48). The ADOReg collects data for high-quality
real-world evidence studies; all ADOReg patient IDs included in this study were checked
for duplicates. The data were collected and merged into a central database before analysis.
This study was approved by the institutional review board of the medical faculty of the
Munich University Hospital (approval number 413-16 UE) and was conducted following
the principles of the Helsinki Declaration in its current version.
2.2. Data Collection and Treatment Outcomes
The recorded clinical data at baseline comprised demographics with sex, age, number
of organ systems affected by metastasis, and date of death or last documented patient
contact. At the date of ICB start, the Eastern Cooperative Oncology Group (ECOG) perfor-
mance status and serum lactate dehydrogenase (LDH) levels were collected from patient
charts and analyzed for their prognostic value. Regarding the treatment, we recorded the
number and type of therapies, ICB start date, date of progression during ICB, the best
response to ICB (based on the RECIST criteria version 1.1), adverse event assessment, and
grading based on the CTCAE criteria (version 5) and if the patients received radiation or
liver-directed treatment. We summarized any metastases besides liver, bone, pulmonary,
CNS, lymph node, connective tissue, and skin metastases as a category “other metastases.”
OS was calculated as the time from ICB start until melanoma-specific or treatment-
related death. PFS was determined as the time from treatment start until disease progres-
sion confirmed by radiologic imaging or clinically evident (if radiologic imaging lacking
because of decline in clinical condition). Complete (CR) and partial (PR) response were
summarized as objective response rate (ORR). Time-to-event analyses were calculated
where death or disease progression was considered as events. If neither occurred or if
patients were lost to follow-up, the date of the last documented presentation was used as a
censored observation.
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2.3. Statistical Analyses
The survival and progression probabilities were calculated with the Kaplan–Meier
method. Log-rank tests were performed to compare the survival and progression proba-
bilities of the two cohorts. Furthermore, χ2 tests and t-tests were conducted (i) to test the
comparability of the two cohorts, i.e., concerning possible different baseline characteristics,
and (ii) to compare the response to ICB of both cohorts. In all cases, two-tailed p-values
were calculated and considered significant with values p < 0.05. Patients with missing
values for a given variable were excluded. No imputation of missing data was performed.
All analyses were carried out with the software R (https://www.r-project.org/ (accessed
on 1 March 2021) using the packages “survival” and “survminer”.
3. Results
3.1. Baseline Patient Characteristics
A total of 178 patients with metastatic UM were included. Eighty-two percent (n = 146)
were naïve to systemic treatment and received ICB as the first-line therapy; 49.4% of patients
had an ECOG status of 0 (n = 88). The serum LDH was elevated in 50% of cases (n = 89) at
baseline. Both parameters were evenly distributed among both cohorts (54.5% vs. 44.7%
and 50.9% vs. 49.6%, respectively). The patients had predominantly metastases to the liver
(100%), lung (46.1%), bone (26.4%), lymph node (23%), CNS (14%), skin (13.5%), connective
tissue (4.5%) and in 28.7% “other metastases.” Other baseline characteristics are listed in
detail in Table 1.
Table 1. Characteristics of the study population. Abbreviations: NA = not available, ICB = immune checkpoint blockade.
Total Cohort A Cohort B A vs. B
Sex
Women 89 (50.0%) 25 (45.5%) 64 (52.0%)
p = 0.52
Men 89 (50.0%) 30 (54.5%) 59 (48.0%)






(17.7–85.4) p = 0.79
LDH
Not elevated 42 (23.6%) 16 (29.1%) 26 (21.1%)
p = 0.34Elevated 89 (50.0%) 28 (50.9%) 61 (49.6%)
NA 47 (26.4%) 11 (20.0%) 36 (29.3%)
ECOG
ECOG 0 88 (49.4%) 30 (54.5%) 58 (44.7%)
p = 0.44
ECOG 1 20 (11.2%) 3 (5.5%) 17 (13.8%
ECOG 2 4 (2.2%) 1 (1.8%) 3 (2.4%)
ECOG 3 2 (1.1%) 1 (1.8%) 1 (0.8%)
ECOG 4 0 (0.0%) 0 (0.0%) 0 (0.0%)
ECOG 5 0 (0.0%) 0 (0.0%) 0 (0.0%)
NA 64 (36.0%) 20 (36.4%) 44 (35.8%)
Number of affected
organ systems Median (range) 2 (1–7) 1 3 (2–7) p < 0.001
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Table 1. Cont.
Total Cohort A Cohort B A vs. B
Affected organ systems
Liver 178 (100%) 55 (100%) 123 (100%)
Pulmonary 82 (46.1%) 0 (0.0%) 82 (66.7%)
Bone 47 (26.4%) 0 (0.0%) 47 (38.2%)
CNS 25 (14.0%) 0 (0.0%) 25 (20.3%)
Lymph node 41 (23.0%) 0 (0.0%) 41 (33.3%)
Connective
tissue 8 (4.5%) 0 (0.0%) 8 (6.5%)
Skin 24 (13.5%) 0 (0.0%) 24 (19.5%)
Disseminated 10 (5.6%) 0 (0.0%) 10 (8.1%)
Other 51 (28.7%) 0 (0.0%) 51 (41.5%)
ICB as first-line therapy 146 (82.0%) 49 (89.1%) 97 (78.9%) p = 0.15
Other therapies
Gemcitabine &
Treosulfan 34 (19.1%) 4 (7.2%) 30 (24.3%) p = 0.013
Nivolumab 38 (21.3%) 10 (18.1%) 28 (22.7%) p = 0.623
Pembrolizumab 25 (14%) 6 (10.9%) 19 (15.4%) p = 0.568
Sorafenib 18 (10.1%) 1 (1.8%) 17 (13.8%) p = 0.029
DC vaccine 14 (7.8%) 2 (3.6%) 12 (9.7%) p = 0.26
Dacarbazine 9 (5%) 0 (0%) 9 (7.3%) p = 0.091
Trametinib 10 (5.6%) 2 (3.6%) 8 (6.5%) p = 0.678
Fotemustine 9 (5%) 2 (3.6%) 7 (5.6%) p = 0.835
ICB substance




53 (29.8%) 17 (30.9%) 36 (29.3%) p = 0.97
anti-CTLA-4
(ipilimumab) 15 (8.4%) 0 (0.0%) 15 (12.2%) p = 0.016
Dual 109 (61.2%) 38 (69.1%) 71 (57.7%) p = 0.20
NA 1 (0.6%) 0 (0.0%) 1 (0.8%)
3.2. Response Rates to ICB
Dual ICB was applied in 109 patients (61.2%; cohort A 69.1% vs. cohort B 57.7%), while
15 patients received ipilimumab monotherapy (8.4%; cohort A 0% vs. cohort B 12.2%). PD-1
inhibitors were given as monotherapy in 53 patients (29.8%; cohort A 30.9% vs. cohort B
29.3%). The best ORR to dual ICB was 13.8% and to anti-PD-1 monotherapy 8.9% in the
entire population (27 patients were not evaluable for radiologic response). No patients
achieved a CR, while 17 patients had a PR. Patients with liver metastases only (cohort
A) showed a numerically worse response to dual ICB, yet without significance (cohort
A 8.7% vs. cohort B 16.7%; p = 0.45). In contrast, the ORR to single PD-1 inhibition was
numerically higher in cohort A, albeit not significantly (cohort A 14.3% vs. cohort B 6.5%;
p = 0.77). Details of the patterns of response to ICB are summarized in Table 2. ICB was
given on average for 2.0 months (95% CI 0–13.0) and 2.1 months (95% CI 0–24.4) in cohorts
A and B, respectively (p = 0.14).
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Table 2. Response rates to ICB according to ICB substance. Abbreviations: CR = complete response, PR = partial response,
SD = stable disease, PD = progressive disease, ORR = objective response rate, DCR = disease control rate.
ICB—Any Type Total Cohort A Cohort B Test (Cohorts A vs. B)
CR 0/150 (0.0%) 0/48 (0.0%) 0/102 (0.0%)
PR 17/150 (11.3%) 5/48 (10.4%) 12/102 (11.8%) p = 1
SD 36/150 (24.0%) 11/48 (22.9%) 25/102 (24.5%) p = 0.99
PD 91/150 (60.7%) 30/48 (62.5%) 61/102 (59.8%) p = 0.89
ORR 17/150 (11.3%) 5/48 (10.4%) 12/102 (11.8%) p = 1
DCR 53/150 (35.3%) 16/48 (33.3%) 37/102 (36.3%) p = 0.87
anti-PD-1 Total Cohort A Cohort B Test (Cohorts A vs. B)
CR 0/45 (0.0%) 0/14 (0.0%) 0/31 (0.0%)
PR 4/45 (8.9%) 2/14 (14.3%) 2/31 (6.5%) p = 0.77
SD 9/45 (20%) 2/14 (14.3%) 7/31 (22.6%) p = 0.81
PD 30/45 (66.7%) 10/14 (71.4%) 20/31 (64.5%) p = 0.91
ORR 4/45 (8.9%) 2/14 (14.3%) 2/31 (6.5%) p = 0.77
DCR 13/45 (28.9%) 4/14 (28.6%) 9/31 (29.0%) p = 1
Dual ICB Total Cohort A Cohort B Test (Cohorts A vs. B)
CR 0/94 (0.0%) 0/34 (0.0%) 0/60 (0.0%)
PR 13/94 (13.8%) 3/34 (8.7%) 10/60 (16.7%) p = 0.45
SD 25/94 (26.6%) 9/34 (26.5%) 16/60 (26.7%) p = 1
PD 52/94 (55.3%) 20/34 (58.8%) 32/60 (53.3%) p = 0.77
ORR 13/94 (13.8%) 3/34 (8.7%) 10/60 (16.7%) p = 0.45
DCR 38/94 (40.4%) 12/34 (35.3%) 26/60 (43.3%) p = 0.59
anti-CTLA-4 Total Cohort A Cohort B Test (cohorts A vs. B)
CR 0/11 (0.0%) 0/0 0/11 (0.0%) Not possible
PR 0/11 (0.0%) 0/0 0/11 (0.0%)
SD 2/11 (18.2%) 0/0 2/11 (18.2%)
PD 9/11 (81.8%) 0/0 9/11 (81.8%)
ORR 0/11 (0.0%) 0/0 0/11 (0.0%)
DCR 2/11 (18.2%) 0/0 2/11 (18.2%)
3.3. Survival Data
The entire cohort showed a median OS of 16 months (95% CI 13.4–23.7) and a median
PFS of 2.8 months (95% CI 2.5–3.0) to any ICB. There was a statistical trend in OS (p = 0.071)
and PFS (p = 0.053) for both cohorts. The median values differed conspicuously for OS
(cohort A 6.1 months (95% CI 4.4-not available) vs. cohort B 18.2 months (95% CI 15.1–25.9)).
In contrast, the median PFS was similar in both cohorts (cohort A 2.4 months (95% CI
2.0–3.0) vs. cohort B 2.9 (95% CI 2.5–3.0)) (Figure 1). The survival was also more favorable
in cohort B evident in a swimmer’s plot comparing both cohorts (Figure 2).
3.4. Adverse Events (AE)
A total of 133 AE were reported in 74 (41.6%) patients. Of all events, 72 AE (54.1%)
were graded as severe (grade 3–5), with no difference between both cohorts (p = 0.93).
These 72 events were observed in 47 patients (26.3%; cohort A 14 patients (29.1%) vs.
cohort B 31 patients (25.2%); p = 0.72). The treatment was discontinued in 36 cases due
to unacceptable toxicity. One death occurred in cohort A during treatment but was most
likely due to disease progression. The most common events were colitis (n = 30), hepatitis
(n = 19), thyroiditis (n = 13), hypophysitis (n = 8), pancreatitis (n = 6), myalgia with myositis
(n = 5), and cutaneous toxicity (n = 6). No significant differences were detected between
both cohorts (Table 3; Supplementary Materials Table S1).
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Figure 1. Kaplan–Meier estimates of the patient population for (A) OS and (B) PFS to ICB comparing cohort A (red) vs. B 
(turquoise). Although there was no significant difference in OS and PFS (p = 0.071 and p = 0.053, resp.), the median survival 
differed considerably (cohort A 6.1 months (95%-CI: 4.4-NA) vs. cohort B 18.2 months (95%-CI: 15.1–25.9)). In contrast, the 
median PFS only differed slightly (cohort A 2.4 months (95%-CI: 2.0–3.0) vs. cohort B 2.9 months (95%-CI 2.5–3.0)). 
 
Figure 2. Swimmer plots for cohort A (left) and B (right) demonstrating the OS for each patient. The color shows the best 
response to ICB, the symbols depict the reason for treatment discontinuation and the yellow triangle shows the time of 
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Table 3. Occurrence of adverse events. Abbreviations: AE = adverse events.
Total Cohort A Cohort B Test (Cohorts A vs. B)
Number of AE 133 43 90
Number of severe AE 72 (54.1%) 24 (55.8%) 48 (53.3%) p = 0.93
Number of patients with AE 74 (41.6%) 26 (47.3%) 48 (39.0%) p = 0.39
Number of patients with severe AE 47 (26.3%) 16 (29.1%) 31 (25.2%) p = 0.72
anti-PD1 Dual ICB Test (Cohorts A vs. B)
Number of AE 25 103
Number of severe AE (grade 3 + 4) 6 (24.0%) 60 (58.3%) p = 0.0044
Number of patients with AE 11 (20.8%) 60 (55.0%) p < 0.001
Number of patients with severe AE (grade 3 + 4) 4 (7.5%) 34 (31.2%) p = 0.0017
4. Discussion
Here, we present to our knowledge the hitherto largest published cohort of patients
with metastatic UM who were treated with ICB. We detected a median OS of 16 months
(95% CI 13.4–23.7) and a median PFS of 2.8 months (95% CI 2.5–3.0) to any ICB. There was
considerably better OS and PFS in patients with both hepatic and extra-hepatic metastatic
sites (cohort B), albeit without reaching statistical significance (p = 0.071 and p = 0.053,
respectively). The median OS of 16 months is higher compared to the previous benchmark
survival studies done before the ICB era [3,6]. We conclude that the prognosis of patients
with metastatic UM has improved due to the availability and more frequent use of ICB [7,8].
The ORR to dual ICB of 13.8% remains low compared to the ORR in cutaneous and mucosal
melanoma. There were no significant differences between the ORR values of the cohorts
and only a slight tendency toward higher ORR to dual ICB in patients with both hepatic and
extrahepatic metastasis. The ORR is in line with another previously published retrospective
study reporting 11.6% to dual ICB [9] as well as to our previous report of 15.6% [10]. Two
recently published prospective trials of the combination of ipilimumab with nivolumab
in patients with metastatic UM showed results that slightly deviate [4,5]. Piulats et al.
enrolled only treatment-naïve patients and reported a lower OS (12.7 vs. 19.1 months),
PFS (3 vs. 5.5 months), and ORR (11.5% vs. 18%) compared to Pelster et al., who enrolled
patients with any number of prior treatments. Interestingly, Piulats et al. enrolled also more
patients with ECOG 0 (84.6% vs. 71%) and fewer patients with elevated LDH (32% vs. 43%),
resulting in an unfavorable ORR in a prognostically favorable population [11]. Furthermore,
Piulats et al. reported a median number of two liver metastases (range 1–25) and a median
size of the biggest liver metastases of 25 mm (range 10–90 mm); 78.8% of the patients had
liver metastases and 57.7% presented with extrahepatic disease. The number of patients
with exclusive liver metastases was not presented [4]. In comparison, Pelster et al. reported
that 49% of patients presented with hepatic and extrahepatic metastases, 31% with liver
metastases only, and 20% with extrahepatic metastasis only [5]. The comparison of both
cohorts of this population revealed that patients with exclusive liver metastases had a
poorer OS and PFS after ICB. In contrast, patients with both hepatic and extrahepatic
metastases had higher ORR to dual ICB (8.7% vs. 16.7%) although this difference was not
significant. Thus, it remains unclear if the survival benefits observed in cohort B with both
hepatic and extrahepatic metastatic sites are specifically due to ICB treatment or if this
cohort is prognostically favorable regardless of the treatment with ICB.
In CM, liver metastases are the least responsive metastatic site to dual ICB with a me-
dian of 3% tumor regression compared to other metastatic sites with a median of 77% [12].
Mechanistically, macrophages induce apoptosis of CD8+ T cells in the immunosuppressive
microenvironment of the liver through fas-ligand binding. This results in an elimination
of CD8+ T cells possibly explaining ineffective tumor control and poor response to im-
munotherapy [13–15]. The comparison of CM to UM liver metastases has demonstrated
that there is no difference in the extent of immune infiltration, but UM showed a higher
ratio of exhausted CD8+ T cells to cytotoxic T cells, total CD8+ T cells, and Th1 cells. In
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addition, a higher and more frequent PD-L1 expression on CM liver metastases, as well
as higher TMB was found compared to those from UM [16]. This may also contribute to
the worse treatment response in UM as a low TMB is associated with poor response to
ICB while higher PD-L1 expression is predictive for PD-1 inhibitor response [17,18]. It was
further shown that PD-1 and PD-L1 expression is generally very low in UM [19]. However,
PD-L1 expression was not considered in this study.
AE occurred in 20.8% of patients with anti-PD-1 monotherapy, in 55% with dual ICB,
and severe AE in 7.5% with anti-PD-1 monotherapy and 31.2% of patients with dual ICB
with no difference between cohorts A and B (Table 3). The rate of severe AE is in line but on
the lower range of previously published studies where immune-related grade 3/4 toxicities
in dual ICB occurred in about 30–60% of patients [4,5,9,10].
The major limitation of this study is its retrospective design. In particular, the quantifi-
cation of the exact extent of metastases and tumor burden in the liver was difficult based
on chart reviews. According to our data, we could only assess whether liver metastases
were present or not. Furthermore, the quality and completeness of the data, in particular
the reporting of AE, is highly dependent on the participating cancer centers. Thus, we
cannot exclude that AE were underreported in this study.
5. Conclusions
Our data of 178 patients with advanced UM treated with ICB demonstrates an im-
proved OS compared to studies conducted before the ICB era. Counterintuitively, patients
with several metastatic sites seem to have a favorable prognosis compared to patients with
hepatic metastasis only. If this phenomenon is related to ICB response warrants further
investigation. Nevertheless, our results imply that exclusive hepatic metastases are a major
unfavorable prognostic factor.
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